INTRODUCTION
============

Aortic stenosis (AS) is a progressive disease with a poor prognosis if treated medically after symptom onset.[@B1]-[@B4] Although surgical aortic valve replacement (SAVR) has been shown to improve symptoms and survival,[@B5]-[@B7] patients with advanced age are at increased risk of surgical complications or death.[@B8]-[@B10] With aging of the population, the number of very old patients with symptomatic severe AS has increased, and a significant portion of them are not candidates for SAVR because of advanced age and its associated comorbidities.[@B11] Therefore, a less invasive treatment strategy is desired in such patients.

Transcatheter aortic valve implantation (TAVI) is a new procedure, in which a bioprosthetic valve is inserted through a catheter and implanted within the diseased native aortic valve. TAVI is a minimally-invasive procedure that avoids median sternotomy and the need for cardiopulmonary bypass support. After several clinical studies, including the pivotal United States placement of aortic transcatheter valve trial,[@B12],[@B13] TAVI is now considered as a safe and effective treatment modality in elderly patients with symptomatic severe AS.[@B11],[@B14]-[@B20]

Therefore, this study was performed to compare 3-month clinical outcomes of TAVI, SAVR, and optimal medical therapy (OMT) in patients aged ≥80 years with symptomatic severe AS.

MATERIALS AND METHODS
=====================

We enrolled 66 consecutive patients aged ≥80 years who were newly diagnosed with symptomatic severe AS at our institute. Transthoracic echocardiography was used to diagnose AS according to the guidelines of the American Society of Echocardiography,[@B21] using a digital ultrasound scanner. In the apical 5-chamber view, peak and mean transvalvular pressure gradient across the aortic valve were calculated using the Bernoulli equation. The effective aortic valve area was calculated using a continuity equation.[@B22] All 66 patients exhibited New York Heart Association (NYHA) functional class ≥I symptoms, and their echocardiographic findings were consistent with severe AS (aortic valve area \<1 cm^2^ with or without transvalvular mean pressure gradient ≥40 mm Hg).[@B1] The decision for TAVI or SAVR was made for each patient according to the severity of clinical symptoms, combined comorbid disease, physical performance status and echocardiographic parameters. Patients were selected for TAVI after they were considered as inoperable or high-risk patients, assessed by two independent cardiovascular surgeons. The final treatment groups included 10 patients in the TAVI group, 14 in the SAVR group, and 42 in the OMT group.

All 10 TAVI procedures were performed using the AccuTrak CoreValve System (Medtronic Inc., Minneapolis, MN, USA) under general anesthesia. The prosthetic aortic valve was inserted in a retrograde fashion using the femoral artery (n=7), subclavian artery (n=1), or ascending aorta (n=2). Balloon valvuloplasty was performed prior to prosthetic valve deployment. All patients had transvenous temporary cardiac pacing during the procedure. Rapid ventricular pacing at 150 to 200 beats/min was performed to reduce cardiac motion and transvalvular flow during balloon dilation. Positioning and deployment of the prosthetic valve was performed under fluoroscopic guidance. Size 26 mm and 29 mm prosthetic valves were used. The 26 mm valve was selected if the aortic annulus size was 20 to 23 mm (n=6), and the 29 mm valve was selected for an aortic annulus size of 24 to 27 mm (n=4). Pre-procedural echocardiography and multi-slice computed tomography were used to measure the size of the aortic annulus. Immediately after deployment of the prosthetic valve, transesophageal echocardiography was performed to confirm good motion of the prosthetic valve and identify any paravalvular leakage.

We compared in-hospital and 3-month clinical outcomes of TAVI, SAVR, and OMT using medical, echocardiographic and angiographic data. Major adverse cardiovascular and cerebrovascular events (MACCE) during 3-month follow-up were defined as a composite of all-cause mortality, myocardial infarction, major stroke (modified Rankin score ≥2), and re-hospitalization due to severe AS or complications of TAVI or SAVR. Definition of each endpoint was in accordance with the Valve Academic Research Consortium guidelines.[@B23] Other clinical events including transient ischemic attack,[@B23] major bleeding, new-onset permanent atrial fibrillation, and complete atrioventricular block were also analyzed. Life-threatening bleeding[@B23] or bleeding which required blood transfusion[@B24] was considered major bleeding. In addition, procedural burden (procedure time and length of intensive care unit stay), combined safety endpoints (all-cause mortality, major stroke, peri-procedural myocardial infarction, life-threatening bleeding, major vascular complication, and acute kidney injury) according to the Valve Academic Research Consortium guidelines,[@B23] and procedural efficacy (improvement of clinical symptoms and echocardiographic parameters) during hospitalization were compared between the TAVI and SAVR groups. Improvement of clinical symptoms was defined as at least one class improvement in NYHA functional class.

All statistical analyses were performed using Statistical Package for Social Sciences (SPSS) statistical software package, version 17.0 (SPSS, Chicago, IL, USA). Continuous variables were expressed as a median (interquartile range) and compared using Mann-Whitney test or Kruskal-Wallis test. Categorical variables were described as a number (%) and analyzed using chi-square test or Fisher\'s exact test, as appropriate. In case of results with a *p*-value \<0.05 from the 3-group comparison, three additional pairwise comparisons were performed between each two groups. *p*-values \<0.05 were considered statistically significant.

RESULTS
=======

The baseline clinical and echocardiographic characteristics of the three groups are presented in [Table 1](#T1){ref-type="table"}. More patients in the TAVI and SAVR groups exhibited NYHA class III or IV symptoms compared to those who were treated with OMT (80.0%, 85.7% and 35.7%, *p*=0.001, respectively). The incidence of pre-existing coronary artery disease was also significantly higher in the TAVI and SAVR groups compared to the OMT group (70.0%, 57.1% and 19.0%, *p*=0.001, respectively). Smaller aortic valve area and higher mean transvalvular pressure gradient were observed in the TAVI and SAVR groups than the OMT group.

[Table 2](#T2){ref-type="table"} shows the 3-month clinical outcomes among the three groups. Although there was no statistical difference in all-cause mortality among the three groups, no death occurred in the TAVI group, whereas the SAVR group had four (28.6%) cases of all-cause mortality and the OMT group had nine (21.4%). The rate of 3-month MACCE was significantly lowest in the TAVI group (0.0% in TAVI vs. 50.0% in SAVR vs. 42.9% in OMT, *p*=0.017). The causes of death among the three groups are listed in [Table 3](#T3){ref-type="table"}.

Additionally, procedural burden, safety, and efficacy during hospitalization were compared between the TAVI and SAVR groups ([Table 4](#T4){ref-type="table"}). Compared with the SAVR group, the TAVI group showed a lower rate of combined safety endpoints (71.4% vs. 10.0%, *p*=0.005, respectively).

DISCUSSION
==========

The main finding of the present study is that the TAVI group showed the lowest rate of 3-month MACCE when compared to the SAVR and OMT groups in symptomatic patients aged ≥80 years with severe AS.

The prognosis in patients with symptomatic severe AS is poor if treated medically.[@B1]-[@B4] After symptom onset, the 1-year mortality rate in patients with severe AS and without SAVR is reportedly around 30%.[@B2],[@B4] Moreover, one could easily expect a higher mortality rate in the patients of the present study, aged ≥80 years, than those of previous studies,[@B2],[@B4] even though there are no available published data regarding the prognosis of medically treated patients in the selected populations. This was also confirmed in the present study with a reported 3-month mortality rate of 21.4% in the OMT group.

SAVR is the treatment of choice for patients with symptomatic severe AS.[@B1] However, the risk of surgical mortality increases significantly with age.[@B8]-[@B10] Although early mortality rate of combined valve and coronary bypass surgery was low in some reports,[@B25] in-hospital mortality of SAVR with concomitant coronary bypass surgery has been reported as high as 24% in patients aged ≥80 years.[@B9] In the present study, the in-hospital mortality rate of SAVR was 28.6%. Because of these high surgical mortality rates, surgeons sometimes hesitate to perform SAVR in patients aged ≥80 years, or patients themselves are reluctant to undergo SAVR in real-world clinical practice. Therefore, SAVR is occasionally reserved only for patients with very small aortic valve area or high transvalvular pressure gradient whose clinical symptoms are not stabilized by OMT alone. In a previous study by Bouma, et al.,[@B26] the actual rate of SAVR in patients aged ≥80 years was only 23.8%. In addition, the surgery rate in patients with NYHA class I/II dyspnea or transvalvular peak pressure gradient \<75 mm Hg was as low as 20%. Similarly, in the present study, the rate of SAVR was 21.2% (14 of 66 patients), and patients with more severe symptom of dyspnea, smaller aortic valve area, and greater transvalvular mean pressure gradient inevitably underwent SAVR.

Facing this dilemma between the need for surgery and the high surgical mortality rate in patients aged ≥80 years, TAVI with minimally-invasive nature could be an attractive alternative treatment modality. With proven safety and efficacy,[@B11]-[@B20] more patients aged ≥80 years who would have been candidates for SAVR are now undergoing TAVI. Like the SAVR group, patients with more severe symptom of dyspnea, higher incidence of pre-existing coronary artery disease, smaller aortic valve area, and greater transvalvular mean pressure gradient underwent TAVI in this study.

The other main finding of the present study is that TAVI had a lower rate of in-hospital combined safety endpoints than SAVR. This was mainly due to a lower rate of in-hospital all-cause mortality and life-threatening bleeding in TAVI than in SAVR. Previous publications report that a 30-day mortality rate after TAVI ranges from 3.2% to 15.2%.[@B12]-[@B20],[@B27],[@B28] Although the mean age was over 80 years in these previous studies, some of the patients were under 80 years. In the present study, in-hospital all-cause mortality rate of TAVI was 0.0%, even though all patients were over the age of 80. The excellent mortality outcomes of TAVI may be due to meticulous patient selection, pre-procedural planning, or post-procedural care in strict compliance with recommendations from TAVI experts and accumulated data. In addition, they could be due to an evolving device profile, skillful operators, or the minimally-invasive nature of TAVI itself. Only one case (10.0%) of major bleeding (bloody pericardial effusion necessitating pericardial window formation) occurred in the TAVI group, whereas nine cases (64.3%) of major bleeding (four cases of post-operative bleeding and five cases of gastrointestinal bleeding) occurred in the SAVR group. This difference may be due to the invasive nature of SAVR or anticoagulation after SAVR. Because TAVI is a catheter-based procedure, it entails a high possibility of major vascular complication,[@B29],[@B30] cerebrovascular accident,[@B31],[@B32] or significant prosthetic valve aortic regurgitation.[@B33] However, no major vascular complication or stroke occurred after TAVI. Only one case of prosthetic valve aortic regurgitation of moderate grade occurred without significant symptoms. These low rates of complications were able to be achieved by a careful \'pre-closure\' technique,[@B34] catheter manipulation, meticulous evaluation of peripheral vascular structure using computed tomography, and pre-procedural accurate measurement of annular size using computed tomography and echocardiogram. Another common concern with TAVI is a high rate of permanent pacemaker insertion due to atrioventricular conduction block.[@B35],[@B36] We were able to avoid this complication by accurately choosing the size and implantation depth of the prosthetic valve. As a result, complete atrioventricular conduction block occurred in only 1 patient (10.0%) after TAVI. However, 2 patients (14.3%) in the SAVR group had complete atrioventricular conduction block after surgery and needed permanent pacemaker insertion.

The main limitation of the present study was the small sample size and short follow-up duration. Because TAVI is a relatively new procedure, long-term follow-up of a large patient population is required for more accurate comparison with SAVR and OMT. However, our results could be helpful in choosing the best therapeutic strategy for patients aged ≥80 years with symptomatic severe AS.

In conclusion, TAVI demonstrated the best 3-month clinical outcomes when compared to SAVR and OMT. Therefore, TAVI might be considered as the first therapeutic strategy in patients aged ≥80 years with symptomatic severe AS.
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###### 

Baseline Clinical and Echocardiographic Characteristics

![](ymj-54-596-i001)

TAVI, transcatheter aortic valve implantation; SAVR, surgical aortic valve replacement; OMT, optimal medical therapy; NYHA, New York Heart Association; Logistic EuroSCORE, logistic European System for Cardiac Operative Risk Evaluation.

^\*,†^In case of results with a *p*-value \<0.05 from the 3-group comparison, three additional pairwise comparisons were performed between each two groups. Groups with a *p*-value \<0.05 from the pairwise comparisons were labeled with ^\*,†^representing the groups with the higher and lower rates, respectively; i.e. The comparison between ^\*^(higher) vs. ^†^(lower) was significant.

^‡^Calculated by the modification of diet in renal disease formula.

^§^Long-term use of bronchodilators or steroids for chronic lung disease, or forced expiratory volume in 1 second \<75% of predicted.

###### 

Clinical Outcome at 3 Months
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TAVI, transcatheter aortic valve implantation; SAVR, surgical aortic valve replacement; OMT, optimal medical therapy.

Major adverse cardiovascular and cerebrovascular events, a composite of all-cause mortality, myocardial infarction, major stroke and re-hospitalization.

^\*^Due to aortic stenosis or complications of TAVI or SAVR.

^†,‡^In case of results with a *p*-value \<0.05 from the 3-group comparison, three additional pairwise comparisons were performed between each two groups. Groups with a *p*-value \<0.05 from the pairwise comparisons were labeled with ^†,‡^representing the groups with the higher and lower rates, respectively; i.e. The comparison between ^†^(higher) vs. ^‡^(lower) was significant.

^§^For complete atrioventricular block, the comparison between SAVR vs. OMT was only marginally significant with *p*=0.059.
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Detailed Causes of Death at 3 Months
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###### 

Procedural Burden, Safety, and Efficacy of TAVI and SAVR during Hospitalization
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TAVI, transcatheter aortic valve implantation; SAVR, surgical aortic valve replacement.
